The human prion encephalopathy Creutzfeldt-Jakob disease often is manifest as rapidly progressing dementia with myoclonus and synchronous, periodic discharges. To investigate the electrophysiology of prion disease we used intra-and extra-cellular recordings from brain slices from Tg(SHaPrP +/+ )81 mice, which express Syrian hamster prion protein and which are susceptible to hamster-passaged scrapie isolates. Forty days after intracerebral inoculation with scrapie isolate Sc237, we recorded prolonged, epileptiform discharges in cortex and hippocampus. Neurological signs were subtle and histopathology was minimal. Central nervous system (CNS) dysfunction progressed; by 57 days the mice were ataxic, had spongiform histopathology and they died in <63 days. During the terminal phase, intrinsic neuronal properties changed dramatically and action potentials broadened from <4 to 20-100 ms in 30% of cortical cells. We conclude that brain dysfunction in experimental scrapie precedes clinical signs and spongiform histopathology, and is preserved in slices maintained in vitro, making it accessible to electrophysiological analysis. brain slice, cerebral cortex, epileptiform discharge, prion diseases, scrapie, synchronization
Introduction
Scrapie and bovine spongiform encephalopathies of various animals as well as Creutzfeldt-Jakob disease (CJD) of humans, are transmissible neurodegenerative disorders caused by prions (Gajdusek 1977 , Hope et al. 1989 , Prusiner 1991 . A wealth of data indicate that an abnormal isoform of the prion protein designated as PrP Sc is required for the transmission and pathogenesis of the prion diseases (Gabizon et al. 1988 , Büeler et al. 1993 , DeArmond et al. 1993 , Prusiner et al. 1993 . Recent studies indicate that PrP Sc is formed during a post-translational process in which α-helices of the cellular protein (PrP C ) are transformed into β-sheets (Borchelt et al. 1990 , Pan et al. 1993 . Most patients with CJD present with dementia and about 80% of patients exhibit abnormal generalized periodic complexes of sharp waves on electroencephalograms (EEG) (Brown et al. 1986 ).These complexes recur at 0.5 to 2s and are widely synchronized in both hemispheres (Brechet et al. 1980) and subcortical structures (Traub & Pedley 1981) .
Sheep and rats infected with scrapie also develop abnormally synchronous EEGs (Strain et al. 1986 , Bassant et al. 1987 . Rats inoculated with rat-passaged scrapie prions developed periodic EEG spindles in vivo between 8 and 9 months after inoculation (Bassant et al. 1987) . Mechanisms proposed for EEG abnormalities in prion diseases include: electrotonic coupling because of the fusion of the swollen neuronal processes that make up the 'holes' in the 'sponge' (Traub et al. 1981 , Traub & Pedley 1984 , Bassant et al. 1987 , loss of inhibition (Bassant et al. 1987) and deafferentation which precedes the frank neuronal loss and spongiform histopathology (Clinton et al. 1993) . The last two mechanisms are known to cause hypersynchrony in experimental epilepsies (Jefferys 1993 , Prince & Tseng 1993 . The lack of physiological evidence for any of these hypotheses in prion diseases prompted the development of the preparation described here.
